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Abstract
We describe multicharged black holes in terms of branes and antibranes together with multiple copies of gas of massless
excitations. Assuming that energies of these copies of gas are all equal, we find that the entropy of the brane–antibrane configu-
ration agrees with that of the multicharged black hole in supergravity approximation, upto a factor X. We find that X = 1 for a
suitable normalisation which admits a simple empirical interpretation that the available gas energy is all taken by one single gas
which is, in a sense, a certain superposition of the multiple copies; and that the brane tensions are decreased by a factor of 4.
This interpretation renders superfluous the assumption of equal energies, which is unnatural from a physical point of view.
 2004 Elsevier B.V. Open access under CC BY license.1. In a recent paper [1] Danielsson, Guijosa, and
Kruczenski (DGK) have given, among other things,
a description of certain charged black holes in terms
of brane–antibrane configurations which is valid in
the far extremal and Schwarzschild regime also. This
has been generalised to other single brane configura-
tions with or without rotation [2–4] and to intersecting
multibrane configurations [5].
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Open access under CC BY license.In this Letter, we study the description of multi-
charged black holes in terms of intersecting brane–
antibrane configurations [6–9]. Following DGK, we
obtain the corresponding multicharged black holes as
stacks of intersecting branes and antibranes, together
with massless excitations. Such a stack of branes and
antibranes can be put together (or “taken apart”) in
2K−1 different ways, along with two copies of gas
of massless excitations for each possibility. (K is the
number of charges.) Therefore, it seems necessary to
consider stacks of branes and antibranes together with
2K copies of gas of massless excitations not interact-
ing with each other. The dynamics of such a gas can
be obtained as in [1] from the near extremal limit of
the corresponding supergravity solutions [10].
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tion suffices to describe the dynamics and to obtain
the resulting entropy of the multicharged black hole in
the far extremal regime also. However, in contrast to
normal physical situations where one naturally takes
temperatures to be equal, here it is necessary to as-
sume that the energies of the copies of the gases are
equal. The reason for this assumption, nor a physical
mechanism that can enforce it, is not clear. Neverthe-
less, we assume this to be the case and proceed with
the analysis as in [1]. We find that the entropy of the
brane–antibrane configuration agrees with that of the
multicharged black hole in supergravity approxima-
tion, upto a deficit factor X.
We analyse the deficit factor X by studying how the
resulting entropy changes if one normalises the brane
tension, gas energy, and the entropy by constant fac-
tors. We find that one can indeed have X = 1 for a
suitable normalisation which admits a simple empiri-
cal interpretation as in [5]. It implies that the available
gas energy is all taken by one single gas which is,
in a sense, a certain superposition of the 2K copies
of the gas on the brane–antibrane stacks; and that the
brane tensions are all to be decreased by a factor of 4.
However, the precise nature of this superposition is
not clear to us. If this interpretation is correct then
the entropy of the brane–antibrane configuration is ex-
actly equal to that of the multicharged black hole in
supergravity approximation; and the assumption that
energies, not temperatures, of the different copies of
gas are all equal—an assumption which is unnatural
from a physical point of view—is now rendered su-
perfluous.
This Letter is organised as follows. In Section 2 we
give a brief description of the relevent results of [1]. In
Section 3, we describe the multicharged black hole in
terms of brane–antibrane configurations. In Section 4,
we give an interpretation of the deficit factor. In Sec-
tion 5, we conclude by mentioning a few issues for
further study.
2. We give a brief description of the relevent re-
sults of [1] for the case of single charged black holes.
Consider stacks of p-branes which, in supergravity ap-
proximation, correspond to single charged black holes
in transverse (d + 3)-dimensional spacetime. The cor-
responding (d + 3)-dimensional charged black holesare obtained as a system consisting of (i) a stack of
branes N in number; (ii) a stack of antibranes N¯ in
number; and (iii) a gas of massless excitations on each
stack of branes, with the gas on different stacks as-
sumed not to interact with each other. Following DGK,
we assume that such a system alone suffices to de-
scribe the dynamics of charged black holes.
The branes and antibranes have zero entropy and
energies given by CN and CN¯ , respectively, where the
constant C includes tension and volume of the branes.
The gas on the branes and antibranes have energies E
and E¯, respectively, and their entropies S and S¯ are
given by
(1)S = ANγ Eλ, S¯ = AN¯γ E¯λ,
where A includes brane tension and volume, and γ and
λ are constants. The net charge q , the total energy M ,
and the total entropy Stot of the system are then given
by
q = N − N¯,
M = C(N + N¯) + E + E¯,
(2)Stot = S(E) + S¯(E¯).
In canonical formalism, such a system is unstable,
for sufficiently small values of q , towards creating an
infinite number of brane–antibrane pairs. Hence, one
must work in microcanonical formalism where the net
charge q and the total energy M of the system are kept
fixed. In normal physical systems, one assumes that
the total system has one definite temperature. But, it
turns out that one must instead assume that E = E¯.
However, the physical mechanism which enforces this
equality is not well understood. The equilibrium quan-
tities are then determined by maximising the entropy
Stot of the system with respect to N , keeping q and M
fixed and setting E = E¯.
In supergravity approximation, a stack of p-branes
describes well the extremal and near extremal limits of
single charged black holes which have zero entropy in
the extremal limit. The entropy S(E) of the gas on the
stack of branes is then the same as that of the charged
black holes in near extremal limit.
Following [6], see also [9], consider p-branes in
(D = d + p + 3)-dimensional spacetime, which will
correspond to charged black holes in (D−p = d +3)-
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(3)
γ = 2(D − 2)
2d(p + 1)+ a2(D − 2) , λ =
d + 1
d
− γ,
where a is related to dilatonic charge. In the follow-
ing we only consider the case where λ > 0. (Perhaps
λ = 0 case can also be considered along the lines given
in [4].) The mass Msg and the entropy Ssg of the cor-
responding charged black hole in the supergravity ap-
proximation can be written as
Msg = 2b
(
λµ + γ
√
Q2 + µ2 ),
(4)Ssg = A
(√
Q2 + µ2 + µ)γ (2λbµ)λ,
where Q is the black hole charge, A = (4πb/d)(λb)−λ
and the constant b, which includes brane tension and
volume, can be obtained from expressions given in [6].
Note that upon defining Q = µSinh 2φ, Eqs. (4) be-
come
Msg = 2bµ(λ+ γ Cosh 2φ),
(5)Ssg = A(λb)λ(2µ)λ+γ (Coshφ)2γ .
The above expressions describe Dp-branes for
(D,γ, a) = (10,1/2, (p − 3/2)), M-branes for
(D,γ, a) = (11,1/2,0), and other branes for other
values of (D,γ, a): for example, (6,1,0) and
(5,3/2,0). See [6].
In the extremal limit where µ = 0, the mass and
entropy are given by Me = 2bγQ and Se = 0 since
λ > 0. Thus, Q can be taken to be the number N of
branes in the stack, with b containing the brane tension
and volume factors. In the near extremal limit where µ
is small, the brane dynamics can be obtained from the
above solutions and can be thought of as arising due
to a gas of massless excitations. Defining the energy E
of the gas on the branes to be E = Msg −Me  2λbµ,
one obtains
(6)S(E) = ANγ Eλ.
We now extremise with respect to N the total en-
tropy Stot in (2), keeping the charge q = N − N¯ and
the total mass M fixed, and setting E = E¯. Also,
C = 2bγ . This then determines N and E to be given
by
(7)2E = M − 2bγ (N + N¯) = 4λb N
γ + N¯γ
γ−1 ¯ γ−1N + Nand N¯ = N − q . For γ = 1/2, the above equations
become
2E = M − b(N + N¯) = 4λb
√
NN¯
and can be solved for N , N¯ , and E in terms of M
and q .2 The solution can be parametrised as
N = m
2
e2θ , N¯ = m
2
e−2θ .
Then, the required quantities can all be expressed in
terms of m and θ . The result is:
M = 2bm
(
λ + 1
2
Cosh 2θ
)
,
q = mSinh 2θ,
(8)Stot = 2−λA(λb)λ(2m)λ+1/2 Cosh θ.
Comparing with the corresponding quantities in the
supergravity approximation after setting θ = φ and
m = µ so that Msg = M , it can be easily seen that
Q = q and
(9)Stot(M,q) = 2−λSsg(M,q).
This is essentially the description, given in [1], of
charged black hole in terms of branes and antibranes.
3. We now consider multicharged black holes. In
the extremal and near extremal limit, they can be de-
scribed as intersecting p-branes of string/M theory.
Explicit solutions corresponding to such multicharged
black holes can be found in [7–9]. We present here
only the expressions for the mass and the entropy of
the multicharged black holes in the supergravity ap-
proximation; they will suffice for our purposes here.
For complete details, see [7–9]. Denoting by K the
number of charges, the mass Msg and the entropy Ssg
of the multicharged black holes are given by
Msg = 2b
(
λµ +
K∑
i=1
γi
√
Q2i + µ2
)
,
(10)Ssg = A
K∏
i=1
(√
Q2i + µ2 + µ
)γi (2λbµ)λ,
2 The above equations can be solved for γ = 1 also. However,
it turns out that the above analysis needs to be generalised when
γ = K/2, with K an integer > 1.
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stants A and b are given as before in (4) and λ, as-
sumed to be > 0 in the following, is now given by
(11)λ = d + 1
d
− C, C =
K∑
i=1
γi.
Note that upon defining Qi = µSinh 2φi , Eqs. (10) be-
come
Msg = 2bµ
(
λ +
K∑
i=1
γi Cosh 2φi
)
,
(12)Ssg = A(λb)λ(2µ)λ+C
K∏
i=1
(Coshφi)2γi .
In the extremal limit where µ = 0, the mass and en-
tropy are given by Me = 2b∑i γiQi and Se = 0 since
λ > 0. Thus, Qi can be taken to be the number νi ≡ Ni
or N¯i of branes or antibranes in the stack, with b con-
taining the brane tension and volume factors. In the
near extremal limit where µ is small, the brane dy-
namics can be obtained from the above solutions and
can be thought of as arising due to a gas of massless
excitations. Defining the energy E of the gas on the
branes to be E = Msg − Me  2λbµ, one obtains
(13)S(E) = A
(
K∏
i=1
ν
γi
i
)
Eλ.
We now describe the corresponding multicharged
black holes as a system consisting of stacks of inter-
secting branes and antibranes, with a gas of mass-
less excitation on each stack. In supergravity ap-
proximation, a stack of intersecting branes describes
well the extremal and near extremal limits of multi-
charged black holes which have zero entropy in the
extremal limit. The entropy S(E) of the gas on the
stack of branes is then the same as that of the charged
black holes in near extremal limit, which is given by
Eq. (13).
There is a subtlety now. Description of multi-
charged black holes involves stacks of intersect-
ing branes and antibranes, with Ni and N¯i , i =
1,2, . . . ,K , being the number of ith type of branes
and antibranes. Let
NI = (ν1, ν2, . . . , νK),where ν1 = N1, νi = Ni or N¯i for i = 2, . . . ,K , de-
note the numbers of constituent branes/antibranes in a
stack of intersecting brane configuration. We use NI
to denote also the corresponding stack itself. The sub-
script I , taken to be in the range I = 1,2,3, . . . ,2K−1,
denotes a particular realisation of νi , i = 2, . . . ,K . Let
ν¯i = N¯i (Ni) when νi = Ni(N¯i) and let
N¯I = (ν¯1, ν¯2, . . . , ν¯K).
Thus, for example, if N1 = (N1,N2, . . . ,NK) then
N¯1 = (N¯1, N¯2, . . . , N¯K).
Now, following DGK, multicharged black holes
can be described as a system consisting of two stacks,
NI and N¯I for any single I , of intersecting branes and
antibranes, together with the gas of massless excita-
tions. This pair of stacks will have zero entropy, net
charge qi = Ni − N¯i , i = 1,2, . . . ,K , and mass Et
due to brane/antibrane tension given by
Et = 2b
K∑
i=1
γi(Ni + N¯i ).
Such a system, consisting of stacks of intersecting
branes and antibranes, will have gas(es) of massless
excitations living on them. In the single charged case
DGK have argued, based on physics involving tachyon
condensation, that one copy of gas lives on stack of
branes and another on that of antibranes. In the present
case, where the system consists of a pair of stacks
NI and N¯I for a single I , the corresponding tachyon
physics is not clear. Certainly, as in DGK, there should
be one copy of gas on each of these stacks. However,
once the system is put in place, it can be thought of (or
“taken apart”) as a pair of stacks with any value of I ,
along with a copy of gas on it. Hence, we assume that
a copy of gas, with energy EI or E¯I and entropy SI or
S¯I corresponding to each stack NI or N¯I , is present
in the system for each value of I . Thus, there are 2K
copies of gas in total which are further assumed, fol-
lowing [1], not to interact with each other.
The entropies SI and S¯I are then obtained from
the supergravity description of near extremal dynam-
ics and are given by
SI = A
(
K∏
i=1
ν
γi
i
)
I
EλI ,
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(
K∏
i=1
ν¯
γi
i
)
I
E¯λI .
The subscript I in the above expressions means that
νi ’s and ν¯i ’s are those corresponding to the stacks NI
and N¯I .
Thus, the total energy M and the total entropy Stot
of the system of intersecting branes and antibranes and
the 2K copies of non-interacting gas living on them are
now given by
(15)M = 2b
K∑
i=1
γi(Ni + N¯i) +
∑
I
(EI + E¯I ),
(16)Stot =
∑
I
(SI + S¯I ).
In normal physical systems consisting of multiple
components in equilibrium, it is natural to assume that
all the components are at the same temperature. This
is ensured by interactions between the components,
no matter how weak, and the principles of statisti-
cal mechanics and ergodicity. It turns out that in the
present system, consisting of 2K copies of gas, such
an assumption leads to results unconnected to charged
black holes. However, if we assume that the energies
EI and E¯I of the gases are all equal to each other for
all I , then the resulting dynamics describes that of the
charged black hole. We will now assume this to be the
case and proceed with the analysis, and comment on it
afterwards.
With this assumption, namely EI = E¯I = E for all
I , the total mass M and the total entropy Stot of the
system now become
M = 2b
K∑
i=1
γi(Ni + N¯i) + 2KE,
(17)Stot = AEλ
K∏
i=1
(
N
γi
i + N¯γii
)
,
where we have used the following relation which fol-
lows easily:
∑
I
(
K∏
i=1
ν
γi
i +
K∏
i=1
ν¯
γi
i
)
I
=
K∏
i=1
(
N
γi
i + N¯γii
)
.
As in [1], in canonical formalism, such a system is
unstable, for sufficiently small values of qi , towards
creating an infinite number of brane–antibrane pairs;whereas, it is stable in microcanonical formalism for
any value of qi . Hence, we work in microcanonical
formalism where the total energy M , and the charges
qi ≡ Ni − N¯i , i = 1,2, . . . ,K , of the system are kept
fixed and the equilibrium quantities are obtained by
maximising the entropy Stot of the system with respect
to Ni . Hence, we maximise with respect to Ni and N¯i
Stot +
K∑
i=1
li (Ni − N¯i − qi),
where li ’s are Lagrange multipliers. After a straight-
forward algebra, we get
2KE = M − 2b
K∑
j=1
γj (Nj + N¯j )
(18)= 4λb N
γi
i + N¯γii
N
γi−1
i + N¯γi−1i
and N¯i = Ni − qi where i = 1,2, . . . ,K . For γi = 1/2
for all i , the above equations become
2KE = M − b
K∑
j=1
(Nj + N¯j ) = 4λb
√
NiN¯i,
i = 1,2, . . . ,K
and can be solved for Ni , N¯i , and E in terms of M
and qi .
Note that for all intersecting brane configurations
in string and M theories, the exponents γi are indeed
given by 1/2. Also, if the exponents are integer mul-
tiples of 1/2 then they can be obtained by string/M
theory intersecting branes by setting suitable number
of charges to be equal. Thus, for example, γ = 3/2 in a
single charged case can be obtained from intersecting
branes with K = 3 and setting qi = q , i = 1,2,3. In-
deed, this appears to be the only way of obtaining such
values of γ . Interestingly, only such values of γ appear
in the known cases [6–9]. Hence, we set γi = 1/2, for
all i , in the following.
The corresponding solutions can be parametrised as
Ni = m2 e
2θi , N¯i = m2 e
−2θi .
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terms of m and θi . The result is:
M = 2bm
(
λ + 1
2
K∑
i=1
Cosh 2θi
)
,
qi = mSinh 2θi,
(19)Stot = 2−λKA(λb)λ(2m)λ+K/2
K∏
i=1
Cosh θi.
Now compare with the corresponding quantities
in the supergravity approximation given in Eqs. (12),
with γi = 1/2 and thus C = ∑i γi = K/2. Setting
θi = φi and m = µ, we get Msg = M , Qi = qi and
(20)Stot(M,qi) = 2−λKSsg(M,qi) ≡ XSsg(M,qi).
Thus, the two entropies are equal upto a deficit fac-
tor X.
4. To understand further the deficit factor X, we
study how the resulting total entropy Stot changes if
one normalises the brane tension, the gas energy, and
entropy by constant factors, as in [5]. For this, we con-
sider the total energy and entropy of the configuration
to be given, under the same assumptions as before, for
example, EI = E¯I = E for all I , by
M = 2αb
K∑
i=1
γi(Ni + N¯i ) + 2KE,
(21)Stot = σA(	E)λ
K∏
i=1
(
N
γi
i + N¯γii
)
.
The factor α normalises brane tensions,3 σ the gas en-
tropy, and 	 the energy available to each copy of the
2K copies of the gas. Maximising the total entropy Stot
with respect to Ni , setting γi = 1/2, solving for Ni ,
etcetera as before, one obtains the result
M = 2αbm
(
λ + 1
2
K∑
i=1
Cosh 2θi
)
,
3 In Eqs. (21), α normalises only the total brane energy which
includes tensions, volumes, and number of branes. However, it is
natural to take α as normalising brane tensions, and thereby the total
brane energy.qi = mSinh 2θi,
(22)Stot = σ
(
	
2K
)λ
A(λαb)λ(2m)λ+K/2
K∏
i=1
Cosh θi.
We define the supergravity charges Qi to be Qi =
αqi = α(Ni − N¯i ), or equivalently set µ = αm. This
should be so since α normalises brane tension and,
hence, the charges. Setting θi = φi and comparing
with the corresponding supergravity quantities, we get
Stot(M,Qi) = XSsg(M,Qi),
(23)X ≡ σα−K/2
(
	
2K
)λ
.
That this is the correct expression for the deficit factor,
with scalings included, can be checked explicitly for
simple cases like Schwarzschild black hole (Ni −N¯i =
0) or for a single charged black hole (K = 1), by ex-
pressing the entropies explicitly as a function of M
and Q. For example, for the later case, one gets after
some algebra
Ssg(M,Q) = Aλλb−γ
(
λ − γ√Z
λ − γ
)λ
×
(
1 + √Z
2
)γ(
M
λ + γ
)λ+γ
,
Stot(M,q) = XAλλb−1/2
(
λ − γ√z
λ − γ
)λ
×
(
1 + √z
2
)γ( M
λ + γ
)λ+γ
,
(24)X ≡ σα−1/2
(
	
2
)λ
,
where Z = 1+4b2Q2(λ2 −γ 2)/M2, z = 1+4α2b2 ×
q2(λ2 − γ 2)/M2, K = 1, and q = N − N¯ . γ is arbi-
trary in the expression for Ssg and = 1/2 in that for
Stot. With Q = αq and taking γ = 1/2, we get Z = z
and
(25)Stot(M,Q) = XSsg(M,Q)
which agrees with Eqs. (23).
Clearly, the total entropy Stot of the intersecting
brane–antibrane configurations will be exactly equal
to the entropy Ssg of the corresponding multicharged
black hole in supergravity approximation if the deficit
factor X = σα−K/2	λ2−λK = 1 for any value of λ
and K .
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X = 1 for any value of λ if 	 = 2K . This is as if each
copy of the gas carries 2K times the energy assumed to
be available to it [1]. If true, this would violate energy
conservation.
However, with σ and α present and = 1, the deficit
factor X = 1 for any value of K and λ, if we set
	 = 2K, σ = 1
2K
, α = 1
4
.
These values for 	, σ , and α admit a simple empirical
interpretation [5]. The value of 	 means that the gas
energy is to be increased by a factor of 2K and the
value of σ means that the total gas entropy is to be
decreased by a factor of 2K . Empirically, they can be
taken together to mean simply that the available gas
energy is not shared equally by the 2K copies of the
gas but, instead, is all taken by one single gas with its
entropy given by the average entropy of the 2K copies
of the gases. α = 1/4 means that the brane tension is
to be decreased by a factor of 4, which can perhaps be
thought of as a net effect of non-trivial dynamics of
intersecting branes and antibranes.
The precise nature of the single gas mentioned
above is not clear. In the case of the corresponding
Schwarzschild black hole [5], Ni = N¯i and, hence, the
2K copies of gas are identical to each other,4 and also
to the single gas. Thus, this single gas can be taken
to be one copy—or, more generally, to be one lin-
ear combination—of the 2K copies, which has all the
available energy = 2KE in it.
In the case of charged black hole, the 2K copies of
the gas are in general different from each other,5 and
also from the single gas mentioned above. Then, this
single gas can perhaps be thought of as a gas which has
all the available energy = 2KE in it. Furthermore, it
must perhaps be thought of as sloshing back and forth
as a whole between the 2K stacks of branes/antibranes,
spending equal time on each of the stack and, thereby,
having an entropy equal to the average entropy of the
2K copies of the gases. In this sense, this single gas
can be thought of as a certain superposition of all the
2K copies. However, the precise nature and dynamics
of the superposition is not clear to us.
4 In the sense of having identical entropy vs energy relation.
5 In the sense of having different entropy vs energy relation.If this interpretation is correct then the entropy of
the brane–antibrane configuration is exactly equal to
that of the multicharged black hole in supergravity
approximation. Another attractive feature of this in-
terpretation is the following. Note that energy is now
conserved since all the available energy is taken by one
single gas. Moreover, the assumption that energies,
not temperatures, of the different copies of the gas are
identical becomes superfluous. Such an assumption is
unnatural from a physical point of view, and is hard to
realise physically. But, in the present interpretation, it
is rendered superfluous.
It is conceivable that the above interpretation some-
how captures the essence of brane–antibrane dynamics
relevent for the description of charged black holes.
Then, understanding the detailed properties of the sin-
gle gas mentioned above will lead to the description of
the charged black hole. On the other hand, the deficit
factor X may simply be due to the ‘binding energy’
of branes and antibranes, an interpretation advocated
recently in [3]. To understand these issues fully one
needs a rigorous study of brane–antibrane dynamics at
finite temperature which, however, is likely to require
the full arsenal of string field theory techniques [11].
5. We described multicharged black holes using
brane–antibrane configurations, generalising those in
[1]. The agreement between the entropy of the inter-
secting brane–antibrane configurations and that of the
corresponding multicharged black hole in supergravity
approximation is impressive. But these two entropies
differ by a deficit factor. We provided an empirical in-
terpretation of it.
We conclude by mentioning a few issues that can be
studied further. It will be interesting to understand the
(near) extremal dynamics of the multicharged black
holes in terms of the brane–antibrane configurations,
along with the gas of massless excitations living on
them. This is particularly so since in the present in-
terpretation, there is only one single gas living on
brane/antibranes (as opposed to two copies in [1]
which play an important role in the (near) extremal
description).
More detailed description of multicharged black
holes, such as the emission and absorption cross sec-
tion, requires a better understanding of finite temper-
ature brane–antibrane dynamics. String field theory
228 S. Kalyana Rama, Sanjay Siwach / Physics Letters B 596 (2004) 221–228techniques [11] are essential towards a study of such
issues. For some ideas in this context, see [1,3] and
references therein.
Note added
While this Letter was being written, there appeared
a paper [12] which has some overlap with the present
one.
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